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Introduction
The rising government debt levels and its interactions with other determinants of economic growth, especially in the aftermath of global financial crisis, have necessitated the revival of the academic and policy debate on the impact of growing debt levels on growth (Jiménez-Rodríguez and Rodríguez-López 2015; Bökemeier and Greiner 2015; Swamy 2015a Swamy , 2015b . In advanced economies, government debt has been increased close to 50 percentage points since the start of the global financial crisis (International Monetary Fund 2016) . Many countries in the Eurozone (especially peripheral countries) are struggling with a combination of high levels of indebtedness, budget deficits and frail growth.
The Greek crisis after the outbreak of the global financial crisis has occupied a central role in the public debates around the world. Greece, having longitudinal underlying pathologies, faced serious economic problems (fiscal, financial, structural, imbalances etc.) . These problems have influenced other determinants of economic growth such as investment, consumption, trade openness and population growth. As a result, high levels of government debt made Greece the "weak link" of the economic crisis in the Eurozone. For that reason, Greece entered into economic adjustment programs and followed economic austerity policies. Greece entered the crisis of 2008 with the highest debt-to-GDP ratio among the economies of the Eurozone and had, together with Italy, the highest level of tax evasion and the Many studies of the empirical literature, especially after the financial crisis, focus on the impact of public debt on economic growth. First, the studies that have investigated the case of many countries by using cross-sectional data or panel data in their econometric analysis are presented. The basic findings from the empirical studies can be summarized as follows: Pattillo et al. (2004) investigated whether debt affects growth for 61 developing countries over the period [1996] [1997] [1998] . The result showed that the negative impact of high debt on growth operates through a strong negative effect on physical capital accumulation and on growth. They also found positive effects of investment on economic growth. Schclarek (2004) , focusing on a panel of 59 developing and 24 advanced countries over the period , concludes that, for developing countries, there is a negative relation between debt and growth, but he does not find any significant relation between government debt and economic growth in advanced countries. Also, the results show that investments and exports have a positive contribution to GDP growth. Sen et al. (2007) studied the impact of debt on economic growth of Argentina, Brazil, Columbia, Venezuela, Mexico, China, India, Indonesia, Philippines, Korea and Thailand. They came to the conclusion that debt negatively affects economic growth in Latin American and Asian countries. Misztal (2010) , for a sample of EU Member States over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] , concluded that an increase in public debt by 1% in these countries has led, on average, to a reduction in GDP by 0.3%, while a GDP growth by 1% resulted in a reduction of public debt, on average, by 0.4%. Kumar and Woo (2010) , for a panel of 38 developed and emerging countries over the period , found that a 10% increase of public debt is associated with a 0.2% decrease of GDP growth, the impact being stronger in emerging market economies and weaker in developed ones. Drine and Nabi (2010) for a panel of 27 developing countries for the period of found that an increase in external public debt reduces production efficiency. Also, the results indicate that output is positively responsive to investment. Afonso and Jalles (2013) use a panel of 155 countries to assess the links between growth, productivity and government debt. They found a negative effect of the debt-to-GDP to economic growth and that financial crisis is detrimental for growth, while fiscal consolidation promotes growth. Afonso and Alves (2015) use a panel of 14 European countries to assess the links between growth, productivity and government debt. They found a negative effect of the debt-to-GDP to economic growth −0.04 and −0.03 and that financial crisis is detrimental for growth, while fiscal consolidation promotes growth. Also, the literature includes studies that have investigated the case of one country by using time series data in their econometric analysis. Anyanwu and Erhijakpor (2004) studied the impact of debt on economic growth of Nigeria over the period . The study reported that debt has a significant negative impact on economic growth. El-Mahdy and Torayeh (2009) investigated the debt and growth relationship for Egypt's economy using data spanning and the study revealed a robust negative relationship between debt and growth. Ogunmuyiwa (2011) evaluated the effect of debt on Nigeria's economic growth from . The results revealed a weak and insignificant relationship between debt and growth. Shah and Shahida (2012) investigated the effect of the public debt on economic growth of Bangladesh for the period 1980-2012 and found no impact of debt on economic growth. Tchereni et al. (2013) analyzed the effect of debt on Malawi's economic growth over the period . They reported a statistically insignificant negative relationship between debt and economic growth in Malawi.
Also, some empirical studies sought to pin down and explain the relationship between public debt and growth, focusing on models with thresholds and breaks estimates. Cuestas et al. (2014) argue that government debt-to-GDP is likely to have a negative impact on the economic growth and also high levels of government debt are likely to have nonlinear effects on growth and that it becomes relevant only after a certain threshold value. Reinhart and Rogoff (2010) and Reinhart, Reinhart and Rogoff (Reinhart et al. 2012) argue that higher levels of government debt are negatively correlated with economic growth, but there is no link between debt and growth when government debt is below 90% of GDP. Supporting the study, other studies confirmed that the turning point beyond which growth gradually decreases is around 100% of GDP (Checherita-Westphal and Rother 2012; Furceri and Zdzienicka 2012) . However, other studies could not identify a robust negative relationship between government debt and growth (Pescatori et al. 2014; Egert 2015; Eberhardt and Presbitero 2015) .
The basic findings from the empirical studies can be summarized as follows: the majority of the studies have found a negative relationship between public debt and economic growth.
Empirical Analysis

Methodology
In our model, in order to determine the effect of debt-to-GDP ratio in GDP, we add on the right-hand side of equation some growth control variables, which include investment, private consumption, public consumption, trade openness and population growth. The first model specification as presented below assumes a linear relationship between debt-to-GDP and growth.
Y stands for real GDP in billion Euros, X is the GDP control variables (investment, private consumption, public consumption, trade openness and population growth). Debt represents the debt-to-GDP and ε t is the error term.
Sources and Data
Data on GDP, investment, private and government consumption, trade openness, population and debt-to-GDP are annual and were taken from AMECO database (AMECO 2017). GDP is measured at 2010 constant prices and investment is the gross fixed capital formation at 2010 constant prices. Private consumption is the private final consumption expenditure at 2010 prices. Government consumption is the final consumption expenditure of general government at 2010 prices. Trade openness is the sum of exports and imports of goods and services to GDP ratio, measured at 2010 constant prices. Debt-to-GDP is the ratio between Greece's government debt and its GDP for the year. Table 1 provides the descriptive statistics on the variables employed in the study. The data show that there are substantial variations for all variables over the examined period. Specifically, over the period 1970-2016, a significant GDP increase is observed. The average GDP in Greece was equal to 165 billion Euros and varies from 89 to 250. The average annual growth rate of GDP, over the whole period, was approximately 1.7% in real terms, but there were periods of very high growth rates (especially in the 1970s and 2000s) and periods of stagnation (particularly over the 2010-2016 period). The average debt-to-GDP is equal to 81. During the examined time period the debt-to-GDP has expanded rapidly. It increased from almost 16% in 1970, to 180% in 2016, exhibiting an average annual growth rate of 5.6%. The highest growth rate was during the 1980s and the lowest during the 2000s.The average investment is equal to 33 billion Euros and it varies from 21 to 62. The average annual growth rate of investment rate was 0.2% for the entire examined time period; with the highest growth rate seen during the 1990s and the lowest (negative) during the 1980s and the period 2010-2016.The average private consumption is equal to 105 and it varies from 47 to 171. Private consumption growth rate averaged 2.3% over the period 1970-2016. The highest growth rate occurred during the 1970s and the lowest (negative) during the period 2010-2016.The average government consumption is equal to 35 and it varies from 16 to 53. Government consumption increased by an average growth rate of 2.1% for the entire examined time period. The highest growth rate occurred during the 1970s and the lowest (negative) during the period 2010-2016. The average trade openness to GDP ratio is equal to 36 and it varies from 13 to 64. Trade openness experienced an average annual growth increase of 3.7% of GDP over the entire time period; with the highest growth rate seen during the 1970s and the lowest (negative) during the 2000s.The average population is equal to 10.244 million persons and it varies from 8.792 to 11.121. Population increased by an average annual growth of 0.4% over the period 1970-2016; with the highest growth rate seen during the 1970s and the lowest (negative) during the period 2010-2016.In order to compare the data, we concluded that in all the decades the GDP growth rate movements have been followed by similar movements in investment, private and government consumption, while debt-to-GDP growth rate were in the opposite direction. It is also worth mentioning that in the 2000s, when GDP had a significant positive growth rate, the trade openness had its lowest growth rate. On the other hand, during the period of economic stagnation (2010) (2011) (2012) (2013) (2014) (2015) (2016) trade openness increased by an average annual growth of 3.4 per cent. [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . Therefore, the graphs show that the economic crisis has a significant negative effect on economic growth as having been mentioned by the studies of Checherita-Westphal and Rother (2012) and Gómez-Puig and Sosvilla-Rivero (2015) .
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Note: The data selected from AMECO database for the time period 1970-2016.The amounts are in €billion. GDP is the real GDP, investment is the gross fixed capital formation, private is the private final consumption expenditure, government is the final consumption expenditure of general government, trade is the trade openness-to-GDP ratio, population is the population number in persons and debt is the debt-to-GDP ratio. All data are obtained from Authors' calculations.
Moreover, Figures 1 and 2 present the movement of debt and other determinants of the Greek economy over the period . Over the period 1995-2008, GDP has significantly increased, but after 2009 it rapidly decreased. The Greek economy has remained in recession during the period 2009-2016 and the recovery in 2014 was limited and soon fizzled out. With few exceptions for some years, investment, private and government consumption, trade openness and population have followed a similar course for the period 1970-2016. On the other hand debt-to-GDP has significantly increased over the period 1995-2008, but it rapidly increased during the period [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . Therefore, the graphs show that the economic crisis has a significant negative effect on economic growth as having been mentioned by the studies of Checherita-Westphal and Rother (2012) and Gómez-Puig and Sosvilla-Rivero (2015) . 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 DEBT 8,500 9,000 9,500 10,000 10,500 11,000 11,500 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 POPLEVEL Figure 1 . Levels of the variables. (Source: The data selected from AMECO database for the time period 1970-2016. GDP is the real GDP, GFCF is the gross fixed capital formation, GC is the final consumption expenditure of general government, IC is the private final consumption expenditure. The amounts for these variables expressed in €billion. Debt is the debt-to-GDP ratio, trade is the trade openness-to-GDP ratio and pop is the population number in persons. All data are obtained from Authors' calculations.). . GDP is the real GDP, GFCF is the gross fixed capital formation, GC is the final consumption expenditure of general government, IC is the private final consumption expenditure. The amounts for these variables expressed in €billion. Debt is the debt-to-GDP ratio, trade is the trade openness-to-GDP ratio and pop is the population number in persons. All data are obtained from Authors' calculations.). GDP is the real GDP, GFCF is the gross fixed capital formation, GC is the final consumption expenditure of general government, IC is the private final consumption expenditure, debt is the debt-to-GDP ratio, trade is the trade openness-to-GDP ratio and pop is the population number in persons. All data are obtained from Authors' calculations.).
Econometric Analysis
This section focuses on the effect of government debt and investment, private consumption, public consumption, trade openness and population growth on economic growth, testing for cointegration so as to reveal any underlying long-run relationships among the variables. Then, we proceed with estimating a VAR model that reveals the impulse response functions and variance decomposition to investigate the dynamic relationships between the variables.
Unit Root Tests
Initially, the stationarity of the variables (GDP, investment, private consumption, public consumption, trade openness, population growth and debt-to-GDP) is checked. The stationarity of the data set is examined using the Augmented Dickey-Fuller (ADF) Fuller 1979, 1981) test and the Perron (1997) structural break tests. We test for the presence of unit roots and identify the order of integration for each variable in levels and first differences. The variables are specified, including intercept and including intercept and trend. The optimal lag length of the regressions is determined by Akaike (1974) criterion. The null hypothesis is non-stationary for both tests. Unit root test results are given in Table 2 and show that the null hypothesis of unit root tests is not rejected for the levels of the variables, except for the variable of population growth rate. On the contrary, the tests reject the null hypothesis for the first differences, for all variables. Therefore, we conclude that each variable is, in fact, integrated of order one, i.e., I(1) and the variable of population growth rate is I(0). GDP is the real GDP, GFCF is the gross fixed capital formation, GC is the final consumption expenditure of general government, IC is the private final consumption expenditure, debt is the debt-to-GDP ratio, trade is the trade openness-to-GDP ratio and pop is the population number in persons. All data are obtained from Authors' calculations.).
Econometric Analysis
Unit Root Tests
Initially, the stationarity of the variables (GDP, investment, private consumption, public consumption, trade openness, population growth and debt-to-GDP) is checked. The stationarity of the data set is examined using the Augmented Dickey-Fuller (ADF) Fuller 1979, 1981) test and the Perron (1997) structural break tests. We test for the presence of unit roots and identify the order of integration for each variable in levels and first differences. The variables are specified, including intercept and including intercept and trend. The optimal lag length of the regressions is determined by Akaike (1974) criterion. The null hypothesis is non-stationary for both tests. Unit root test results are given in Table 2 and show that the null hypothesis of unit root tests is not rejected for the levels of the variables, except for the variable of population growth rate. On the contrary, the tests reject the null hypothesis for the first differences, for all variables. Therefore, we conclude that each variable is, in fact, integrated of order one, i.e., I(1) and the variable of population growth rate is I(0). Perron (1989) . GDP t is the real GDP, GFCF t is the gross fixed capital formation, IC t is the private final consumption expenditure, GC t is the final consumption expenditure of general government, TRADE t is the trade openness, POP t is the population growth rate and DEBT t is the debt-to-GDP ratio. The data selected from AMECO database for the time period 1970-2016.
Cointegration Tests
Next, the cointegration test was conducted by using the autoregressive distributed lag (ARDL) procedure developed by Pesaran et al. (2001) . In our study, the ARDL cointegration approach is applied because it has some advantages in comparison with other cointegration methods. Unlike other cointegration techniques, the ARDL does not impose a restrictive assumption that the variables understudy must be integrated of the same order. In other words, we can test for cointegration among variables regardless of whether the underlying regressors are integrated of order I(1)or order zero I(0). Secondly, while other cointegration techniques are sensitive to the size of the sample, the ARDL test is suitable even if the sample size is small. Thirdly, the ARDL technique generally provides unbiased estimates of the long-run model and valid statistics even when some of the regressors are endogenous. The first stage of the ARDL approach involved the F-test in which the asymptotic distribution of the F-statistic is non-standard under the null hypothesis of no cointegrating relationship between the examined variables, irrespective of whether the explanatory variables are purely I(0) or I(1). If the F-statistic exceeds the lower and upper critical bound, the null hypothesis of no cointegrating relationship can be rejected. Next, the ARDL approach involves an estimation of the coefficients on the long-run cointegrating relationship and the corresponding error correction model. The lagged error correction term (e t−1 ) derived from the error correction model is an important element in the dynamics of the cointegrated system. The size and statistical significance of the error-correction term measures the extent to which each dependent variable has the tendency to return to its long-run equilibrium.
In light of the evidence of the time series being either stationary or first differences stationary variables, we conduct the bounds test for cointegration on our model. The null hypothesis of a non-cointegrating relation is tested by performing a joint significance test on the lagged level variables. The estimated F-statistic is obtained from the estimates manage to reject the joint null hypothesis of no cointegration since it exceeds the lower and upper critical bound albeit at 1% significance level. This evidence permits us to proceed with estimating our empirical ARDL model. The results of bounds test are reported in Table 3 . Table 4 present our empirical estimates of ARDL model. The ARDL model passes all the standard diagnostic tests for residual autocorrelation, normality and heteroskedasticity. First, it presents the long-run estimates and next reports the short-run and error correction estimates of the estimate regression. Beginning with the long-run results, it can be concluded that in the long-run there are significant positive effects of investment, private and government consumption and trade openness on economic growth. A 1% increase of investment results in an increase of economic growth by about 0.48%. A 1% increase of private consumption will foster economic growth by about 0.87%. Also, a 1% increase of government consumption and trade openness will boost economic growth by about 0.68% and 0.75%, respectively. On the opposite direction, debt-to-GDP has a negative impact on economic growth. A 1% increase of government debt results in a decrease of economic growth by about 0.17%. Also, population growth has positive significant effects on economic growth. −0.87 0.00 *** Notes: The dependent variable is real GDP; ***, **, *denote statistical significance at the 1%, 5% and 10% level, respectively. The ARDL model specification was estimated consistently as for the existence of the serial correlation and the heteroskedasticity by using the Newey-West HAC estimator (Newey and West 1987) .
In browsing through the short-run estimates, we note that, as in the long run, there are significant positive effects of investment, private consumption and trade openness on economic growth. On the other hand, debt-to-GDP has a negative impact on economic growth. Similarly, the error correction terms produce correct negative and statistically significant estimates of −0.87. The latter result implies that about 87 percent of deviations from the steady state are corrected in each period.
Robustness Checks
In order to ensure the robustness of the ARDL model, it could be useful to evaluate the stability of the estimated parameters. To test the null hypothesis of model stability, we apply the cumulative sum of recursive residuals (CUSUM) and the CUSUM of square (CUSUMSQ) tests (Brown et al. 1975) . CUSUM statistics and bands represent the bounds of the critical region for the test at the 5% significance level. The test finds parameter instability if the cumulative sum goes outside the area between the two critical lines. Figures 3 and 4 plot the results for CUSUM and CUSUMSQ tests. The results show that the plot of the CUSUM and CUSUMSQ statistic stays within the critical bounds of the 5% confidence interval, implying not rejection of the null hypothesis of stability. Therefore, that indicates the absence of any instability of the regression coefficients.
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Once an identified long-run structure is tested and fixed, the short run dynamics follows the long-run analysis. In order to further support the short run results of ARDL model we check the short run dynamic interactions among the variables by using a VAR model. As the main variables of our model are reported with unit roots, in VAR we take first difference for such variables account for the non-stationarity of the underlying data generating process. We estimate VAR analysis as follows:
where X t is a vector of time series variables of real GDP, investment, private consumption, public consumption, trade openness, population growth and debt-to-GDP. Thus, Φ is a 7 × 7 matrix of coefficients, µ is a constant and e t is a vector of random errors. As a first step in the VAR estimation we shall make a choice regarding the optimal lag order j for the right-hand variables in the system of equations (Lütkepohl 2006) . To determine the lag length of the VAR, three versions of the system were initially estimated: a four, a three and a two-lag version. Then, the Akaike information criterion identified one lag as optimal lag length. The VAR model passes all the standard diagnostic tests for residual autocorrelation, normality and heteroskedasticity.
Impulse Response Functions and Variance Decomposition Analysis
In order to study the dynamic properties of the model, impulse response function (IRF) analysis is applied. The IRF is the dynamic response of each dependent variable to other variables contained in the VAR model, for a standard deviation shock to the system. These functions show the effect of a one-time shock to one of the innovations on current and future values of the endogenous variables. In other words, this approach is designed to show how each variable responds over time to an earlier shock in that variable, and to shocks in other variables. The time period of IRF spreads over ten years, which is long enough to capture the dynamic interactions between GDP, investment, private consumption, public consumption, trade openness, debt-to-GDP and population growth. The IRFs are illustrated in Figure 5 . First and foremost, it becomes apparent that the response of economic growth to a one standard deviation shock in investment, private consumption, public consumption and trade openness is positive, while is almost zero in population growth. On the other hand, a shock in debt-to-GDP has a negative impact on economic growth. The strongest positive impact arises from investment and private consumption to economic growth. Similarly, the response of investment, private consumption, public consumption, trade openness and population growth on a shock in economic growth is positive and substantial in magnitude. On the other hand, the response of debt-to-GDP to economic growth is negative. These results seem to be in agreement with those of the ARDL estimates.
The variance decomposition (VDC) is next estimated for each variable for a period of ten years. VDC provides information about how much of the forecast error variance for each endogenous variable in the model can be explained by each disturbance. A shock to a particular variable will affect that variable directly, but this shock will also generate variations to all other variables in the system, through the dynamic structure of the model. The VDC estimation results for 10 years ahead are presented in Table 5 . The variation of GDP is largely explained by its own innovations. As the years pass, firstly private consumption and secondly public consumption and investment, gradually affect more the variation of economic growth. More precisely, 3.20, 2.41 and 2.20 percent of economic growth forecast error variance in a ten years period is explained by disturbances of private consumption, public consumption and investment, respectively. Variations in investment are mainly explained by its own innovation and by innovation of GDP and debt. About 70 percent of investment forecast error variance in a ten years period is explained by disturbances of GDP. Private consumption's variation is mainly explained by its own innovation and by innovation of GDP, public consumption and debt-to-GDP. Also, about 44 and 10 percent of public consumption forecast error variance in a ten years period is explained by disturbances of GDP and investment, respectively. Variations in trade openness are mainly explained by its own innovation and by innovation of GDP, private consumption and investment. Almost the half of debt-to-GDP's variation is mainly explained by innovation of GDP, public and private consumption and investment and the other half due to its own innovation. Finally, variations in population growth are mainly explained by its own innovation and by innovation of GDP. These overall results seem to be in agreement with those of IRF. Note: D indicates that the variables are expressed in first difference. DGP is the real GDP, GFCF is the gross fixed capital formation, GC is the final consumption expenditure of general government, IC is the private final consumption expenditure, TRADE is the trade openness to GDP ratio, Debt is the Debt-to-GDP ratio and POP is the population growth. The data selected from AMECO database for the time period 1970-2016.
Multiple Structural Breaks Model
Next, we apply a multi-step approach to our dataset covering the period 1970-2016 to analyze the link between government debt and growth. Following Perron (1998, 2003) , a multiple linear regression with T periods and m potential breaks (producing m + 1 regimes) is considered by using the relationship of the following regression:
where, y t is the explained variable real GDP; debt t is the debt-to-GDP and X t are the explanatory variables (investment, private consumption, public consumption, trade openness and population growth; β i and z i are the corresponding vectors of regime-dependent coefficients for i = 1, . . . ,m + 1 and u t is the error term at time t.
Multiple Structural Breaks Tests
The number of significant breaks can be found via a sequential algorithm for multiple breaks model as Perron (1998, 2003) suggest. In a case of m breaks, while the first break point is identified, the sample is separated into two sub-samples by the first break point. The same procedure is employed for each sub-sample until the m breaks are arrived and the null hypothesis is not rejected for this m at the specified significance level (Table 6 ). First the linear specification is tested against a one break model. The results from test showed that the null hypothesis of the linear model can be rejected against the alternative of one break model and the break date is 2007. Next, the null of one break model is tested against the alternative of two breaks model. Again the null of one break model against the alternative of two breaks model is rejected and the break dates are 1990, 2007. Next, the null of two breaks model is tested against the alternative of three breaks model. The null of the two breaks model against the alternative of three breaks model is rejected and the break dates are 1983, 1990, 2007 . Next, the null of three breaks model is tested against the alternative of four breaks model. Again the null of the three breaks model against the alternative of a four breaks model is rejected and the break dates are 1983, 1990, 2000 and 2007 . Finally, the four breaks model is tested against the alternative of a five breaks model and in this case the null hypothesis is not rejected. Table 7 presents the results from the multiple structural break estimations over the period 1970-2016 for the Greek economy. Note: The dependent variable is real GDP. t-statistics are presented in the parentheses. ***, **, * denote statistical significance at the 1%, 5%, 10% level, respectively. The model was estimated consistently as for the existence of the serial correlation and the heteroskedasticity by using the Newey-West HAC estimator (Newey and West 1987) . GFCF is the gross fixed capital formation, GC is the final consumption expenditure of general government, IC is the private final consumption expenditure, trade is the trade openness-to-GDP ratio, debt is the debt-to-GDP ratio and pop is the population growth. The data observed from AMECO database for the time period 1970-2016. The break model for the period [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] shows that the growth of the Greek economy was mainly based on investment and private consumption. For the period 1983-1989 investment, private and government consumption have significant positive effects on economic growth, while the debt-to-GDP and trade has insignificant effects on economic growth. For the period 1990-1999 only private consumption and population growth have significant positive effects on economic growth, while the other variables have insignificant effects. For the period 2000-2006 a 10 percentage point rise in the debt-to-GDP goes in tandem with 8.4 percentage point decline in economic growth. Also, investment, private consumption, trade and population growth have significant positive effects on economic growth, while government consumption has insignificant negative effects. Finally, for the period 2007-2016 debt-to-GDP and population growth have insignificant effects on economic growth. On the other hand, investment, private and government consumption and trade have significant positive effects on economic growth. Our empirical findings are consistent with the results of the literature review (Reinhart and Rogoff 2010; Reinhart et al. 2012; Checherita-Westphal and Rother 2012; Furceri and Zdzienicka 2012) .
Multiple Structural Breaks Estimation Results
Discussion of Research Findings
The empirical analysis reveals that the variables of GDP, investment, private and government consumption, trade openness, population growth and debt-to-GDP are co-integrated. This implies that long-run movements of the variables are determined by an equilibrium relationship. The role of the examined variables on economic growth seems to be significant. The results indicate that all variables have a positive contribution to economic growth, with the exception of debt-to-GDP and imports. Investment continues to significantly contribute to the increase of output growth. One of the most noticeable results is the high contribution of public and private consumption on economic growth. One explanation could be that the government and private expenditures have rapidly increased during the last four decades in Greece. Regarding the impact of debt-to-GDP on economic growth, we observe negative results for Greece. The negative effect of debt-to-GDP on growth means that domestic borrowing from foreign capital was used, partially, to finance government expenditure and public investment, thus contributing to the increase in public spending, increases budget deficit and leading to higher public debt in order to finance these deficits. Over recent decades the increase in consumption could not be financed out of current production. External borrowing in Greece was directed not for used in the industry, or for the other prospects for economic growth, but they were actually used for consumption. Therefore, the expansion in domestic demand (public and private) financed by the capital inflows was the main reason behind the loss of competitiveness in Greece.
Also, the results reveal that in Greece, the timing of the estimated break was at the year 2000. In this year the turning point of debt-to-GDP beyond which economic growth slows down sharply is 105% of GDP. Above the threshold of 105% of GDP levels of debt-to-GDP has had significant negative effect on growth and these results could explain why government debt was a significant drag on economic growth of Greece. The period 2000-2006 is associated with the period after the Euro currency was launched and before the beginning of the global financial crisis.
Conclusions
The impact of government debt on economic growth remains a controversial issue in both the academic and policy-making fields. This study empirically investigates the impact of debt-to-GDP and other economic determinants (investment, private and public consumption, trade openness and population growth) on economic growth of Greece, including the period of financial crisis. The results indicate that all variables in the long run have a positive contribution to economic growth, with the exception of debt-to-GDP and population growth. Also, by using structural breaks models, we found evidence in favor of a negative relationship between debt-to-GDP and growth. The main conclusion from the results is that the crisis in Greece had started much earlier than the global one.
The challenge for policy makers is to halt the rising in government debt by keeping a sustainable growth path. The recent global economic crisis showed that high government debt created huge fiscal imbalances in the Greek economy. Indeed, when government debt is high, this is perceived by investors as being extremely risky, creating difficulties on lending from the markets, leading to austerity fiscal policies, which deepens recession. For Greece, the financial market behavior over time has clearly shifted towards pessimism, insinuating that the risk attitude of major market participants has been altered. Regarding the impact of fiscal rules and institutions on market behavior, empirical findings show that they improve market's expectations over fiscal sustainability (Apergis and Mamatzakis 2014; Mamatzakis and Tsionas 2015) . As a result, enhancing fiscal governance could reduce the degree of the market's pessimism regarding the Greek sovereign debt crisis. That is necessary because Greece needs to restore the liquidity of its banking system, by recovering the access to the international financial markets. The liquidity arrangement will help to boost liquidity in the domestic market and further to economic growth and the next step should be the end of the restrictions of capital controls. Therefore, Greece should reduce its deficits, increase its primary budget surplus and enhance the effectiveness of planning and operating policy to identify an optimal debt for support the growth of the country. To conclude, fiscal consolidation, adjustment and discipline, although necessary, are not, by themselves, a sufficient condition for economic growth and social welfare. To overcome the financial crisis, it is essential fiscal discipline to combine that with the implementation of coherent, consistent and sequential growth-enhancing structural reforms. For policymakers it is particularly important to select the appropriate macroeconomic tools to improve the situation of the Greek economy. Further improvements in competitiveness are important, which need to lower costs and shift resources to tradable sectors to spur growth and rebalance their external position (Spilimbergo Antonio and Ostry 2009). Thus, Greece should base its growth strategies on increasing exports, improving competitiveness and productivity, enhancing research and innovation, attracting foreign direct investment and correcting the use of public investment. Furthermore, simulations from a calibrated model of the Greek economy confirm that reforms to the labor markets can play a significant role in stemming output losses and supporting the recovery (International Monetary Fund 2013a , 2013b . Given that the debt accumulated during recent years is very large, the adjustment is likely to take a long time.
Further research is certainly needed to fully understand the impact of government debt on economic growth. One could probably investigate how the Greek debt crisis has affected the foreign exchange rate and interest rates. This could be a further analysis for the investigation of the relationship between GDP growth and debt-to-GDP. Many determinants of economic growth, as investments are dependent on interest rates and exports/imports are dependent on foreign exchange rate.
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